Identification of the ubiquitin-proteasome pathway in the regulation of the stability of eukaryotic elongation factor-2 kinase.
Eukaryotic elongation factor-2 kinase (eEF-2 kinase) is a highly conserved calcium/calmodulin-dependent enzyme involved in the regulation of protein translation and cell proliferation. Rapid changes in the activity and abundance of eEF-2 kinase have been observed on growth stimulation, and increased enzyme activity is characteristic of malignant cell growth. Yet the mechanism for controlling the turnover of this kinase is unknown. The ubiquitin-proteasome pathway regulates the degradation of many cellular proteins, including transcription factors, cell cycle regulators, and signal transduction proteins. Therefore, we determined whether the ubiquitin-proteasome pathway regulates the turnover of eEF-2 kinase. We found that eEF-2 kinase was a relatively short-lived protein with a half-life of less than 6 hours. eEF-2 kinase was ubiquitinated in vivo as determined by coimmunoprecipitation and polyubiquitin affinity matrix. Incubation of purified eEF-2 kinase with a source of ubiquitination enzymes (rabbit reticulocyte lysate), purified ubiquitin, and ATP revealed the presence of increasing molecular weight species of ubiquitinated eEF-2 kinase. Treatment of cells with MG132, a proteasome inhibitor, inhibited eEF-2 kinase degradation and induced the accumulation of polyubiquitinated forms of the enzyme, resulting in an increase in its half-life. These results suggest involvement of the proteasome in the turnover of the ubiquitinated kinase. Because eEF-2 kinase is chaperoned by heat shock protein 90 (Hsp90), we next determined if disruption of the Hsp90-eEF-2 kinase complex promoted degradation of the kinase. Treatment of cells with geldanamycin, an Hsp90 inhibitor, enhanced ubiquitination of eEF-2 kinase and decreased the half-life of the kinase to less than 2 hours. These results indicate that cellular levels of eEF-2 kinase are maintained by a balance between association with Hsp90 and degradation by the ubiquitin-proteasome pathway. In conclusion, these data show that the turnover of eEF-2 kinase is regulated by the ubiquitin-proteasome pathway and, therefore, modulating the ubiquitination of eEF-2 kinase might control the abundance of this enzyme and have implications in the treatment of certain forms of cancer.